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Editor: D. BarceloThe anchovy canning industry is one of the most important economic resources of the Cantabria region in Spain.
However, environmental, economic and social problems over the past years have forced companies to applymar-
keting strategies, develop product diversiﬁcation, create new products and introduce them in new “green mar-
kets”. Launching Cantabrian canned anchovies into more sustainable markets requires measuring the
environmental performance using Product Category Rules (PCRs) and Environmental Product Declarations
(EPDs). EPDs and PCRS include the environmental proﬁle of a range of similar products, such as all of the available
canned anchovy products. The great variety of anchovy canned products depends on three process variables: the
origin of the anchovy (Cantabria, Argentina and Chile or Peru), the type of oil (reﬁned olive oil, extra virgin olive
oil and sunﬂower oil) and the packaging (aluminum, tinplate, glass and plastic).
This work aims to assess the environmental impact from cradle to grave of canned anchovies in oil using the life
cycle assessment methodology (LCA). Moreover, the paper evaluates the inﬂuence of the above-mentioned
three product variables in the LCA results. The results show that out of all of the alternatives, Chilean and Peruvian
anchovies have the highest environmental burdens due to the transportation by ship. The production of anchovies
in sunﬂower oil is a less environmentally friendly oil process due to the low yield per hectare of sunﬂower cultiva-
tion. Finally, the use of aluminum as the packagingmaterial has the largest environmental impact out of almost all
of the impact categories. Moreover, because the LCA results can be signiﬁcantly affected by the allocation proce-
dure, a sensitivity analysis comparing system expansion, mass and economic allocation is performed. In this
case, the system expansion approach presents the highest environmental impacts followed by themass allocation.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
Life cycle assessment
Canning industry
Allocations
Industrial ecology
Product variablesd Biomolecular Engineering, University of Cantabria, Avda. de lo Castros s/n, 39005 Santander, Spain.
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The food production system as a whole is recognized as one of the
major contributors to environmental impacts since it is a great consum-
er of both energy and natural resources (Iribarren et al., 2010b). In par-
ticular, the quality and prestige of canned anchovies are of particular
relevance in the Cantabria region in North Spain. Nevertheless, there
are several environmental, economic and social problems in this sector.
From an environmental point of view, the manufacturing process gen-
erates large amounts of efﬂuents (mainly water and oils), ﬁsh residues
and packaging wastes. Moreover, in recent years, the stock level of the
Cantabrian anchovy (Engraulis encrasicolus) has been in a critical situa-
tion whereas the costly distribution to new markets has hindered the
growth of the sector. Themain economic and social problems of the sec-
tor were the closing of the anchovy ﬁshery in 2005. The capture de-
creased from 982,000 kg in 2004 to 12,000 kg in 2005, causing the
loss of a signiﬁcant number of jobs in the canning sector of Cantabria Re-
gion. (ICANE 2016). Consequently, the sector needs to develop local
strategies to reach global development. The anchovy canning industry
has considerable product diversiﬁcation due to the high worldwide
competitiveness and demand, which makes the development of mar-
keting strategies to reach and maintain a leading position in themarket
necessary. From the entire range of products, the keyone is the so-called
“octavillo”, which is formed by 30 g of Cantabrian anchovy ﬁllets in 20 g
of extra virgin olive oil (total 50 g) contained in an aluminum can. Con-
sumers around the world see this canned food as a gourmet product.
However, the sector has developed a wide range of new products com-
bining the main variables of the process as a diversiﬁcation strategy.
That is, the canning plantswere forced to import fresh and salted ancho-
vies from other countries due to the depleted stock level in the Canta-
bria Sea. Anchovies may come from Cantabria (Engraulis encrasicolus),
Argentina (Engraulis anchoita), Chile and/or Peru (Engraulis ringens) ac-
cording to the market demand. Regarding the consumers' preferences,
the anchoviesmay be preserved in sunﬂower oil, olive oil or extra virgin
olive oil, and the primary packaging is available in aluminum cans, tin-
plate or glass jars; all of themare shipped inside cardboard boxes.More-
over, the size of the packaging varies from 50 g to 1 kg.
These products employ the same materials, namely, anchovies, salt,
brine, oil and the packaging; however, the combination of these threeFig. 1. Procedure for deﬁning the PCRs andproduct variables (anchovy origin, type of oil and packaging) generates
new canned products with different environmental impacts.
Launching Cantabrian canned anchovy products onto new “green
markets” using Environmental Product Declarations (EPDs) and Prod-
uct Category Rules (PCRs) (Haprowine, 2010) stated by the European
policy “Building the Single Market for Green Products” (European
Commission, 2013) will contribute to the development, recognition
and expansion of this food sector. The PCRs deﬁne the rules and require-
ments for the EPDs of a certain product category. EPDs (ISO, 2006a)
communicate quantitative information about a speciﬁc product both
to manufacturers and distributors and to the ﬁnal consumer using the
Life Cycle Assessment (LCA) methodology (ISO, 2006b, 2006c)
(Ibañez-Forés et al., 2013). Similar products from the same company
can be included in the same EPD if the differences between the manda-
tory impact indicators are lower than 10% (Environdec, 2016). LCA is a
standardized methodology for analyzing the potential environmental
impacts of a product or service throughout its life cycle (Pirlo et al.,
2016). Therefore, determining the environmental performance and an-
alyzing the inﬂuence of the three variables in the life cycle of each
canned anchovy product are required. This is the ﬁrst step in the devel-
opment of PCRs for this product category. Fig. 1 shows the procedure for
deﬁning the PCRs and EPDs of the canned anchovy category based on
product diversiﬁcation in the canning anchovy sector.
In addition to the product variables, there are other aspects of the
LCA methodology, such as allocations, that have large inﬂuences on
the results, and it is convenient to carry out a sensitivity analysis (Guo
and Murphy, 2012).
This work aims to ﬁll in the gap of LCA studies of canned anchovies
from cradle to grave, which is the ﬁrst step in developing the PCRs of
this gourmet product. Concerning Peruvian anchovies, several studies
have been published about the anchoveta ﬁshery (Fréon et al., 2014a,
2014b;Avadí et al., 2014a) and the anchoveta production and consump-
tion (Avadí et al., 2014b; Avadí and Fréon, 2015).
There have been no previous LCA studies on European anchovies
(Engraulis encrasicolus). The authors published the two ﬁrst papers re-
garding this species. In particular, Laso et al., 2016a evaluated the man-
agement of the anchovy residues generated during the canning process,
and Laso et al., 2016b assessed the environmental performance of the
production of one can of anchovies in olive oil (from gate to grave),EPDs of the canned anchovy category.
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are several process variables that still need to be evaluated. For that rea-
son, this paper analyses the origin of the anchovy (Cantabria, Argentine,
Peru and Chile), the type of oil employed (extra virgin olive oil, reﬁned
olive oil and sunﬂower oil) and the different packagingmaterials. More-
over, this work considers the consumption of fuel for the anchovy ﬁsh-
eries in Cantabria, Peru and Argentine, and the transport of the
anchovies by container ship from Peru and Argentine. In this way, the
entire life cycle, from cradle to grave, of the anchovy is considered. Nev-
ertheless, the authors believe that it is necessary to carry out a more in
depth analysis of the anchovy ﬁshery in Cantabria, taking into account
the construction, maintenance and end of life of the vessels, as well as
the consumption of diesel, ice, antifouling agents, and lubricant oil.
The paper is divided into two parts: (i) the LCA of the canned anchovy
products considering the inﬂuences of the main process variables (the
anchovy origin, type of oil used and packaging material) and (ii) a sen-
sitivity analysis of the co-product allocation of the Cantabrian canned
anchovy processing. The paper is structured as follows; Section 2 pre-
sents the life cyclemethodology including the goal of this study, the sys-
tem description and boundaries, the scenarios under study and the
allocations; Section 3 depicts the data acquisition and the life cycle in-
ventory; Section 4 shows the environmental categories used in this
study. Finally, Sections 5 and 6 provide the results and themain conclu-
sions of the work.2. Methodology
2.1. Goal and scope
The principal aim of this paper is to evaluate the environmental im-
pacts of canned anchovy products as aﬁrst approach in the evaluation of
the Cantabrian canning sector from an environmental point of view. To
achieve this goal, a representative canning company from Santoña
(Cantabria) with three canning plants that produced 160 tonnes in
total of canned anchovy in oil in 2014 was selected. These three plants
were considered to be representative due to their high production and
product diversity. Moreover, these plants were mainly exporting com-
panies interested in thedevelopment of PRCs andEPDs in order to intro-
duce the anchovy products in green markets. This plant was analyzed
from a cradle-to-grave perspective, that is to say, from the production
and transportation of rawmaterials to the disposal of the wastes gener-
ated during the consumption stage. This factory produces several an-
chovy products, processes different species of anchovies and uses
different types of oils and packaging sizes and materials. Therefore,
three scenarios were deﬁned in order to analyze the inﬂuences of
these three variables: anchovy origin, type of oil and packagingmaterial.
To carry out this analysis under a life cycle approach, it was neces-
sary to deﬁne a functional unit (FU). In this case, the FU selected was
1 kg of raw anchovy entering the factory, according to Hospido et al.
(2006). The use of kg of raw fresh anchovy entering the canning plant
allows comparing the efﬁciency of the different scenarios.
The system under study included the capture of the anchovy, the
production stages of the different ingredients (raw materials), their
transport to the canning factory in Santoña, the processing and packag-
ing of the anchovies at the plant, and ﬁnally, their distribution, con-
sumption and EoL. The anchovy capture was considered in this study
based on the consumption of diesel by vessels. This was because the
production, transportation and use of diesel were themain contributors
to globalwarming in theﬁshery stage (Ziegler et al., 2016). Because data
on the consumption of diesel in the Argentine ﬁshery are not available,
the data from the Peruvianﬁsherywere considered due to the similarity
between the Peruvian and Argentine vessels (Garciarena and Buratti,
2013). The Cantabrianﬁshery used 340 g of diesel per kg of fresh ancho-
vy (based on data from Cantabrian vessels), and the Peruvian ﬁshery
used 15.6 g of diesel per kg of fresh anchovy (Fréon et al., 2014a).Moreover, capital goods for the canning plants were not considered
due to the long estimated lifespan.
The considered product system is represented in Fig. 2, and it is di-
vided into cradle to gate (Cr-Ga), gate to gate (Ga-Ga) and gate to
grave (Ga-Gr) stages.
• Cr-Ga: this stage included the anchovy capture; the production of en-
ergy, water, and fuels; the rawmaterials (salt, brine and oil); and the
packaging (aluminum can, tinplate, glass jar, cardboard box, carton
box and low-density polyethylene (LDPE) ﬁlm). The transportation
of the rawmaterials and the packagingwere also included. The trucks
were considered to be Euro 4 truckswith amaximum total capacity of
28 t. The transportation distances were estimated by means of road
guides: salt fromTorrevieja (Alicante) (900km), brine fromVillarcayo
(Burgos) (80 km), oil from Córdoba (850 km) and packaging from
Labatut (France) (270 km). The Argentine, Peruvian and Chilean an-
chovies were transported to Cantabria by an ocean container ship
with a pay load capacity of 27,500 dead weight tons (dwt). The
manufacturing and EoL of the vessel were not included. The distance
from Argentina was considered to be 10,900 km, and an average of
the distance fromChile and Peruwas used (13,800 km). The transpor-
tation models were chosen based on the most similar options among
those available from the database PE International (2014).
• Ga-Ga: this stage comprised the manufacture of canned anchovies
and the management of wastewater and ﬁsh residues. First, the an-
chovies are beheaded and placed in layers with a bed of salt between
each layer of ﬁsh for 6 months. After curing, the skin is removed by
cold and hot water (scalding), and each anchovy is cut and ﬁlleted
by hand. The anchovy ﬁllets are packed in cans that are ﬁlled with
oil (reﬁned olive oil, extra virgin olive oil and sunﬂower oil). Finally,
the cans are sealed,washed, codiﬁed andpacked. Theprimarypackag-
ing is composed of aluminum or tinplate cans or glass jars packed in
cardboard boxes. Secondary packaging for the transportation of the
ﬁnal product consists of corrugated cardboard boxes and LDPE ﬁlm
to wrap the packs. The anchovy processing generates considerable
solid and liquid wastes. On the one hand, ﬁsh residues (heads, spines
and remaining anchovies) are valorized to obtain marketable prod-
ucts and avoid their disposal in a landﬁll. The heads and spines are
converted into ﬁshmeal and ﬁsh oil in a ﬁshmeal plant, whereas the
anchovy remnants are used to produce anchovy paste in the canning
plant. On the other hand, the liquid efﬂuents are sent to a municipal
wastewater treatment plant (WWTP), and the sludge and sand from
the WWTP are disposed of in a landﬁll.
• Ga-Gr: this stage included the distribution of the ﬁnal product to
wholesale and retail markets, its use and EoL. In this work, it was con-
sidered that the canned anchovieswere transported from the canning
factory to a logistic hub thatwas located 40 km from theplant and to a
supermarket that was located 10 km from the hub in the city center.
The semi-preserved product was stored in a refrigerator of the small
supermarket in the city center. It is assumed that the transport of
the consumers to the point of retail is made by car if the purchase is
made at superstores or large supermarkets and by foot to nearbymar-
kets and small shops (Vázquez-Rowe et al., 2013). In this case, con-
sumers living in the city center frequent the small supermarket, and
therefore, they go on foot. At home, the product must be stored in a
household fridge at a temperature between 5 and 12 °C. Regarding
the consumption pattern, canned anchovies are ready-to-eat prod-
ucts, they do not require any cooking, and therefore, the environmen-
tal impact of this stage is null. Finally, the EoL of the can and the
cardboard box is recycling.
2.2. Scenarios under study
• Anchovy origin. Canning plants from Cantabria process anchovies
from the Bay of Biscay (Engraulis encrasicolus) but also fromArgentina
(Engraulis anchoita) and from Chile and Peru (Engraulis ringens). Fig. 2
Fig. 2. Flow diagram of the life cycle of a canned anchovy product.
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ed in the Santoña harbor and transported to the factory to be
manufactured. Argentine anchovies captured in the Southwest
Atlantic Sea are pretreated (beheaded and cured) in factories in
Argentina. Subsequently, the cured anchovy is transported to the can-
ning plant in Santoña where the ﬁnal product is obtained. Finally,
Chilean and Peruvian anchovies caught in the Northwest Paciﬁc Sea
are pretreated and transformed (beheaded, cured, scalded, cut and
ﬁlleted) by Chilean and Peruvian companies. Anchovies are vacuum-
packed and transported to the canning plant in Santoña to be ﬁlled
with oil and canned. After a process review, it was considered that
the operational conditions and raw materials of the pretreatment
and transformation steps in the canning plants from Argentina, Chile
and Peru were similar to those of the Cantabrian canning plants.
• Type of oil. To obtain canned anchovy products, different types of oil
are used depending on the anchovy origin and the geographical distri-
bution of the product. Cantabrian anchovies are usually ﬁlled with re-
ﬁned olive oil (ROO), whereas Argentine, Chilean and Peruvian
anchovies employ extra virgin olive oil (EVOO) and sunﬂower oil
(SO). Previous results (Laso et al., 2016b) indicated that the oil pro-
duction step had great environmental impacts. Therefore, it was con-
sidered to be a relevant variable of the study.
• Packaging material. The anchovy canning industry uses several kinds
of packaging: aluminum cans, tinplate cans and glass jars. Moreover,
a Danish company (Almeida et al., 2015) already markets the use ofplastic packaging with the usual can appearance for canned mackerel
in tomato sauce. Therefore, it has also been included in this analysis.
2.3. Allocations
The anchovy canning manufacture is a multi-output process in
which the production of canned anchovies is the main function of the
system and the generation of by-products due to the valorization of
the anchovy residues is an additional function (Bala et al., 2015). This
system generates several products, and the environmental burdens
must be distributed among the different products and processes
(Finnveden et al., 2009). In this work, the input and output data of the
inventory corresponded to the processing of 1 kg of raw anchovy enter-
ing the factory. To determine the environmental impacts of the canned
anchovy products, the use of system expansion or allocations is
required.
The valorization of the anchovy residues involves the waste treat-
ment and the generation of a new product, providing the following
extra functions to the system: the generation of ﬁshmeal from heads
and spines, and the production of anchovy paste from the remaining an-
chovies. The International Organization for Standardization (ISO) estab-
lishes a speciﬁc procedure for allocation in which system expansion is
the ﬁrst option to handle this problem. However, the identiﬁcation of
a replaceable process is difﬁcult and sometimes impossible. Weidema
Table 1
Life cycle inventory for the processing of 1 kg of fresh raw Cantabrian, Argentine, Chilean
and Peruvian anchovies.
Input/output data Unit Cantabria Argentine Chile/Peru
Pre-treatment
Inputs Fresh anchovy kg 1.00 1.00 1.00
Salt kg 5.51 ∙10−1 5.51 ∙10−1 5.52 ∙10−1
Brine m3 8.23 ∙10−5 8.23 ∙10−5 8.23 ∙10−5
Energy MJ 7.00 ∙10−3 7.00 ∙10−3 7.00 ∙10−3
Outputs Anchovy to
transformation
kg 8.14 ∙10−1 8.14 ∙10−1 8.14 ∙10−1
Solid ﬁsh residues
(heads and guts)
kg 1.86 ∙10−1 1.86 ∙10−1 1.86 ∙10−1
Transformation
Inputs Anchovy from
pretreatment
kg 8.14 ∙10−1 8.14 ∙10−1 8.14 ∙10−1
Brine m3 4.85 ∙10−4 4.23 ∙10−4 4.25 ∙10−4
Energy MJ 3.51 ∙10−1 3.03 ∙10−1 3.01 ∙10−1
Water (scalding) m3 9.69 ∙10−4 9.12 ∙10−4 9.15 ∙10−4
Outputs Anchovy to sauce ﬁlling kg 3.14 ∙10−1 2.60 ∙10−1 2.61 ∙10−1
Solid ﬁsh residues
(cutting and spines)
kg 5.00 ∙10−1 5.54 ∙10−1 5.55 ∙10−1
Wastewater
(from scalding)
m3 9.69 ∙10−4 9.12 ∙10−4 9.15 ∙10−4
Sauce ﬁlling
−1 −1 −1
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considering that, in general, all allocation criteria are less effective
than substitution and system expansion, following the ISO require-
ments (ISO, 2006b). In this work, system expansionwas applied consid-
ering the production of ﬁshmeal from fresh anchovy (including ﬁshing
activities) as the technology that replaces the valorization system for
heads and spines and the production of tuna pâté as the process re-
placed in the anchovy meat valorization (Laso et al., 2016a).
With respect to the EoL, recycling serves as a waste treatment pro-
cess for the discarded products and, at the same time, produces a new
material to be used in a new product (Van der Harst et al., 2015). An at-
tributional perspective based on those proposed by Bala et al. (2015)
was chosen. The attributional approach assumes that the analyzed sys-
tem does not modify its environment, and thus, each additional unit of
material recycled would displace an equivalent quantity of the current
mix of virgin + recycled material being used as raw material by the
market. In this case, the avoided burdens are calculated using the actual
mix of virgin and recycled materials in the market. Then, the equiva-
lence between virgin and recycled material is determined. This equiva-
lence is based on the efﬁciency of the recovery process and the
substitution factor (information about the efﬁciency factors as well as
the average Europeanmarketmixes are in Table S1 in the supporting in-
formation available on the Journal's website).Inputs Anchovy from
transformation
kg 3.14 ∙10 2.60 ∙10 2.61 ∙10
Oil kg 3.03 ∙10−1 1.84 ∙10−1 1.86 ∙10−1
Energy MJ 1.89 ∙10−1 1.57 ∙10−1 1.57 ∙10−1
Water (washing cans) m3 5.92 ∙10−5 4.90 ∙10−5 4.92 ∙10−5
Outputs Anchovy to packaging kg 3.14 ∙10−1 2.60 ∙10−1 2.61 ∙10−1
Wastewater (from
washing cans)
kg 5.92 ∙10−5 4.90 ∙10−5 4.92 ∙10−5
Oil kg 9.40 ∙10−2 3.90 ∙10−2 5.50 ∙10−2
Packaging
Inputs Anchovy from
sauce ﬁlling
kg 3.14 ∙10−1 2.60 ∙10−1 2.61 ∙10−1
Aluminum kg 4.40 ∙10−2 3.60 ∙10−2 3.60 ∙10−2
Tinplate kg 1.02 ∙10−1 8.50 ∙10−2 8.50 ∙10−2
Glass kg 6.17 ∙10−1 5.11 ∙10−1 5.13 ∙10−1
Plastic kg 3.80 ∙10−2 3.20 ∙10−2 3.20 ∙10−2
Cardboard kg 5.20 ∙10−2 4.30 ∙10−2 4.40 ∙10−2
Corrugated board kg 2.10 ∙10−2 1.70 ∙10−2 1.70 ∙10−2
Plastic (LDPE) kg 1.26 ∙10−3 1.04 ∙10−3 1.04 ∙10−3
Energy MJ 7.54 ∙10−3 6.24 ∙10−3 6.26 ∙10−3
General consumptions
Inputs Water (for general
cleaning)
m3 41.78 ∙10+1 34.65 ∙10+1 34.61 ∙10+1
Energy (for plant
illumination)
MJ 6.49 ∙10−1 5.38 ∙10−1 5.38 ∙10−1
Natural gas m3 1.50 ∙10−2 1.30 ∙10−2 1.30 ∙10−2
Outputs Wastewater (from
general cleaning)
m3 41.78 ∙10+1 34.65 ∙10+1 34.61 ∙10+1
Distribution
Inputs Energy MJ 7.91 ∙10−1 6.55 ∙10−1 6.58 ∙10−1
Use
Inputs Energy MJ 8.92 ∙10−1 7.38 ∙10−1 7.41 ∙10−13. Life cycle inventory and data acquisition
The primary data contained themain inputs and outputs of the can-
ning factory in 2014: the consumption of electricity, fuels, water, salt,
brine, oil and packaging materials, as well as the generation of solid
and liquid wastes. These data were obtained from the canning plant
under study.
The secondary data regarding the production of the SO, aluminum
and tinplate cans, glass jars, cardboard, corrugated cardboard, and
LDPE, as well as the transportation and landﬁlling were taken from
the PE International (2014) and Ecoinvent® 3.1 (Frischknecht et al.,
2007) databases. These databases are themost robust life cycle invento-
ries on the market with representative data for Europe conditions. The
transportation of raw materials was performed considering a Euro 4
truck with a maximum total capacity of 28 t, which drives on motor-
ways over long distances. The emissions that are associated with the
use of diesel were calculated using generic data from the PE database.
The landﬁll disposal based on generic data from the PE database in-
cludes the construction and maintenance stages and biogas recovery.
The production of ROO and EVOO were obtained from the OiLCA
Tool1 (SUDOE, 2011), while the salt (Goetfried et al., 2012) and brine
production (NYSDEC, 2015), the speciﬁcations of the WWTP (Lorenzo-
Toja et al., 2015) and the data on distribution and refrigeration
(Büsser and Jungbluth, 2009) were collected from the literature. To im-
prove the data quality and consider the local idiosyncrasies, the electric-
ity mix provided by the PE database was adapted to the characteristics
of the Spanish electricity mix of 2014. Table S2 in the supporting infor-
mation shows the distribution of the Spanish electricity mix in 2014.
Regarding the valorization of the anchovy residues, the production
of ﬁshmeal (consumption of energy, water and fuel oil) was taken
from FAO (FAO, 1986) and belong belongs to a ﬁshmeal plant with a
production of more than 500 t/day. The data on anchovy paste produc-
tion were collected from the anchovy canning factory. (See Table 1.)
In relation to the processes used in the system expansion, the data
on anchovy ﬁshing were taken from Fréon et al. (2014), whereas tuna1 TheOiLCA Tool is a free tool that allows quantifying the carbon footprints and costs as-
sociated with the production of different types of olive oil for human consumption. This
tool was developed in the framework of the OiLCA Project, “Improving the competitive-
ness and reducing the carbon footprint of the olive oil sector through the waste manage-
ment optimization”. The participating countries were Spain, Portugal and South France
(SUDOE zone).ﬁshing and pâté processing came from Hospido and Tyedmers (2005)
and Iribarren et al. (2010a), respectively. Finally, the data on the
recycling of aluminum (Leroy, 2009), tinplate (Yellishetty et al., 2011),
glass (Edwards and Schelling, 1999), cardboard (Wang et al., 2012)
and plastic (Rigamonti et al., 2014) were also collected from the litera-
ture. Table 2 shows the inputs and outputs of the manufacture of 1 kg
of raw anchovy entering the canning plant in 2014.
4. Life cycle impact assessment
Impact assessment in LCA involves calculating the contributions
made by the energy, material and water inputs and outputs tabulated
Table 2
Environmental burdens and reference value for normalization.
Environmental burdens (EB) Units Threshold value (kg/year) (EC, 2006)
X2,1 EB to air
X2,1,1 Atmospheric acidiﬁcation (AA) kg SO2 eq. 150,000
X2,1,2 Global warming (GW) kg CO2 eq. 100,000,000
X2,1,3 Human health (HHE) kg benzene eq. 1000
X2,1,4 Photochemical ozone formation (POF) kg ethylene eq. 1000
X2,1,5 Stratospheric ozone depletion (SOF) kg CFC-11 eq. 1
X2,2 EB to water
X2,2,1 Aquatic oxygen demand (AOD) kg O2 eq. 50,000
X2,2,2 Aquatic acidiﬁcation (AqA) kg H+ eq. 100
X2,2,3,1 Ecotoxicity to aquatic life (organics) (MEco) kg Cu eq. 50
X2,2,3,2 Ecotoxicity to aquatic life (metals) (NMEco) kg formaldehyde eq. 50
X2,2,4 Eutrophication (EU) kg phosphate eq. 5000
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gories (Pelletier and Tyedmers, 2010). In this work, the LCA was
modeled in GaBi 6.0 software, whereas the LCIA was conducted with
the environmental sustainability assessment (ESA) methodology using
the metrics developed by the Institution of Chemical Engineers
(IChemE, 2002). Thesemetrics can be used tomeasure the environmen-
tal sustainability performance of an operating unit or product, providing
a balanced view of the environmental impact of inputs (resource usage)
and outputs (emissions, efﬂuents and waste) (García et al., 2013).
The results were divided into natural resources (NR) and environ-
mental burdens (EB). On the one hand, NR include the consumption
of energy (X1,1) [MJ], materials (X1,2) [kg] and water (X1,3) [kg] for the
considered process and/or product; thus, they can be described by a di-
mensionless NR index X1. On the other hand, the EB were grouped into
environmental compartments consisting of the air (X2,1) and water
(X2,2), and they can be described by a dimensionless EB index X2. The
following impact categories were considered in X2,1 and X2,2:
atmospheric acidiﬁcation (AA), global warming (GW), human health
(carcinogenic) effects (HHE), stratospheric ozone depletion (SOD),
photochemical ozone (smog) formation (POF), aquatic acidiﬁcation
(AqA), aquatic oxygen demand (AOD), ecotoxicity to aquatic life
(metals to seawater) (MEco), ecotoxicity to aquatic life (other sub-
stances) (NMEco) and eutrophication (EU).
Both NR and EB are subjected to a normalization andweighting pro-
cedure. In this work, the normalization procedure developed by
Margallo et al. (2014) was applied. Speciﬁcally, an internal normaliza-
tion was proposed for NR, whereas an external procedure was applied
for EB. In the internal normalization, the normalized values were ob-
tained by dividing the characterized environmental impacts by a maxi-
mum characterized environmental impact of alternatives. On the other
hand, external normalized results were calculated by dividing the char-
acterized environmental impact category by the reference value of theFig. 3. Dimensionless index of the total NR consumption (Xsame impact category (Ji and Hong, 2016). In this case, the reference
values considered for EB were the threshold values included in the
European Pollutant and Transfer Register (E-PRTR) regulation
(European Commission, 2006). The threshold values (see Table 2) of
these pollutants can be used as an important aid in the normalization
process because they provide an overview of the environmental perfor-
mance of the installation at a European level (Margallo et al., 2014).
5. Results and discussion
The LCA of one can of Cantabrian canned anchovies in EVOO using
aluminum as the packaging material (“octavillo”) was performed in
previous works (Laso et al., 2016b). The results indicated that the pack-
aging step, which includes the production of the aluminum can, card-
board box, corrugated board and LDPE, as well as the energy
consumed in this stage, presented the highest NR consumption and
the greatest EB. In particular, the NR demand in the packaging step
was 6 times higher than the use and distribution step and 8 time greater
than the sauce ﬁlling step (Fig. 3). Similarly, the packaging step polluted
50 times more than the sauce ﬁlling step. The production of aluminum
cans and, to a lesser extent, the production of the EVOO were the
main hot spots of the life cycle of canned anchovy. The production of
4.40 ∙10−2 kg of aluminum requires 1.81 MJ of primary energy,
3.6 ∙103 kg of water and 0.21 kg of bauxite. Moreover, the production
of EVOO demands high amounts of water for the irrigation of the olive
plants.
These results highlight the need to improve the packaging and sauce
ﬁlling steps. A measure that could make the environmental perfor-
mance of the canned anchovies better is the substitution of the type of
oil. Concerning the packaging, canned anchovies in tinplate cans and
glass jars are also available on the market. Other authors also reported
studies of Spanish canned products in which the packaging step and1) and total EB (X2) of the canned anchovy life cycle.
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tuna (Hospido and Tyedmers, 2005), canned sardines (Vázquez-Rowe
et al., 2014) and canned mussels (Iribarren et al., 2010b).
5.1. Analysis of the anchovy origin
Similar anchovy processing is conducted in Cantabria, Argentina,
Chile and Peru; however, the quality of the raw anchovies varies from
species to species. During the manufacture of the Cantabrian anchovy,
approximately 68% of the fresh anchovywaswasted (0.68 kg of ﬁsh res-
idues from 1 kg of raw anchovy). Nevertheless, the manufacture of Ar-
gentine, Chilean or Peruvian anchovy generated approximately 75%
ﬁsh residues (0.75 kg of ﬁsh waste from 1 kg of raw anchovy). As a re-
sult, the Cantabrian anchovies required more NR due to the greater
quantity of anchovy processed per kg of fresh anchovy and the greater
consumption of diesel in the ﬁshery stage (Fig. 4). In this sense, the pro-
cessing of Cantabrian anchovy consumed1.9 timesmore energy and ap-
proximately 1.3 times more materials and water than the Argentine,
Chilean and Peruvian anchovies. The production of fuel oil for the trans-
port of anchovies, which represented 10% of the total energy, reduced
the difference between the Cantabrian and the Argentine, Chilean and
Peruvian anchovies. Moreover, the NR consumptions of canned ancho-
vies from Chilean and Peruvian anchovies were slightly higher than
that fromArgentine anchovies due to the shorter distance between Can-
tabria and Argentina.
With regard to the EB, before the normalization, GW displayed the
highest air impact in all of the cases (0.91–1.0 kg CO2 eq.) due to the
emissions of greenhouse gases (CO2, CO, NOx, and CH4) in the genera-
tion of energy, the production of fuel oil (CO2; Volatile Organic Com-
pounds, VOCs; and CH4) and its use in the ﬁshery stage and the
transportation by ship (CO2, CO, andNOx). The EUpresented the highest
contribution to water impact in all of the cases due to the emissions of
ammonia, nitrogen, phosphate and chemical oxygen demand (COD) in
the production of energy and fuel oil. After the normalization, POF had
the greatest contribution in the air impact, whereas EU was the highest
contributor to thewater impact. Themain reasonwas that althoughGW
had the highest air impact, when itwas referenced to its threshold value
(100,000,000 kg CO2 eq.) the normalized results were reduced by 8 or-
ders of magnitude. However, a lower threshold for POF was used as the
reference value (1000). Forwater impacts, therewere no signiﬁcant dif-
ferences after the normalization due to the fact that the threshold values
are lower than those in the air categories.
The comparison of the three anchovy origins showed that the use of
Cantabrian anchovy had the greatest impacts in the categories of HHE
(9.2 ∙10−8 FU−1), SOD (1.3 ∙10−8 FU−1) and AOD (4.3 ∙10−10 FU−1).Fig. 4. Comparison of normalized a) NR and b) EB variables of canned anchThis was due to the emissions of heavy metals (antimony, arsenic, cad-
mium, and nickel) and halogenated organic compounds in the produc-
tion of aluminum for the packaging. Cantabria produced more
processed anchovies and, consequently, requiredmore packagingmate-
rial per FU due to the fact that the Cantabrian anchovy edible content
was higher than those of the other ones. Moreover, the use of
Cantabrian anchovy also presented the highest impacts in AqA
(2.4 ∙10−9 FU−1) and EU (2.4 ∙10−8 FU−1) due to the emissions of
H2SO4, HCl, HF and acetic acid, and the emissions of ammonia, nitrogen,
phosphate, phosphorus and COD.
On the other hand, the use of Chilean and Peruvian anchovy had the
greatest value in AA (3.4 ∙10−8 FU−1) and GW (9.9 ∙10−9 FU−1) due to
the emission of greenhouse gases (CO2, CO, and NOx), acids (HCL, HF,
and ammonia) and organic compounds in the production of fuel oil
used to the transport by ship. In the water compartment, the highest
values were the AOD (2.1 ∙10−10 FU−1) and NMEco (1.2 ∙10−8 FU−1)
owing to the emission of heavy metals (arsenic, cadmium, lead, and
manganese) and other substances, such as chloride, into water during
the production of fuel oil. This was because the distance from Chile or
Peru is higher than that from Argentine, and consequently, the con-
sumption of fuel oil was higher. The negative value of the MEco indica-
tor (−4.8 ∙10−7 FU−1)was a consequence of the avoided burdens in the
valorization of the anchovy residues. The use of Argentine anchovy had
lower impacts than all of the other environmental impacts.
The normalized results were grouped into two impacts for compar-
ison, EB to air and EB to water. The use of Chilean or Peruvian anchovies
presented an impact to air 1.2 times higher than the use of Cantabrian
anchovies and 1.1 times higher than the use of Argentine anchovies.
This was due to the transportation of anchovy by ship and the fuel oil
consumption. In thewater compartment, the value of thedimensionless
index was similar in the three cases because the transportation by ship
of the anchovy had less inﬂuence on the EB to water.
5.2. Inﬂuence of the type of oil
The procedure to obtain olive and sunﬂower oils is divided into the
same two stages: cultivation and oil extraction. However, the manufac-
ture of SO requiredmore energy, 1.25 times higher than ROO and EVOO
(Fig. 5). Thiswas because the cultivation stagewas themain contributor
to energy consumption, representing approximately 60–70%, and sun-
ﬂower oil had a relatively low yield per hectare compared to olive oil,
which results in higher land use, more fertilizers and pesticides per
ton of oil produced, and greater energy demand. Moreover, the energy
required for the extraction of SO was higher than for olive oil because
an additional step to remove the seed peels is necessary.ovy processing Cantabrian, Argentine and Chilean/Peruvian anchovies.
Fig. 5. Comparison of normalized a) NR and b) EB variables of canned anchovy using reﬁned olive oil, extra virgin olive oil and sunﬂower oil.
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it is extracted directly from olives using only pressure, while ROO
followed the sameprocedure, but a reﬁning stage is required. Therefore,
ROO had an NR consumption that is slightly higher than that of EVOO.
Furthermore, as in energy analysis, the cultivation stage accounted for
approximately 80% of the totalwater of the process due to the irrigation.
In this sense, ROO and EVOO consumed 1.15 times more water than SO
due the higherwater demand of olive trees. Furthermore, the sunﬂower
plants are more resistant to drought conditions. The material resource
consumptions were similar in the three cases.
As in the previous case, before normalization, GW displayed the
highest air impact in all of the cases (0.98–1.2 kg CO2 eq.) due to the
emission of greenhouse gases in the production and use of pesticides
and herbicides (CO2, CO, VOCs, and CH4), the production and use of so-
diumhydroxide in the reﬁning, the consumption of diesel in the cultiva-
tion stage (CO2, NO, and NOx) and the energy consumption in the oil
production (CO2, CO, NOx, and CH4). EU presented the highest contribu-
tion to thewater impact in all of the cases due to the emissions of nitro-
gen, phosphorus, PO43− and COD in the production of pesticides and
herbicides. After the normalization, the POF had the largest contribution
to the air impact, whereas the EU had the largest contribution to the
water impact.
The SO had the highest impacts to air and water. In the air compart-
ment, the highest impacts were POF (5.7 ∙10−7 FU−1), HHE
(7.3 ∙10−8 FU−1) and SOD (2.3 ∙10−8 FU−1) due to the emission of sev-
eral organic compounds in the production of pesticides and herbicides.
In the water compartment, the greatest impacts were the EU
(5.1 ∙10−8 FU−1) and MEco (1.2 ∙10−8 FU−1) caused by the pesticides
and herbicides.
The EB to air and EB to water dimensionless indices were calculated.
The greatest air andwater EBwere observedwhen the SOwas used. The
EB to air was 1.2 times higher than the ROO and EVOO, and the EB to
water was negative due to the avoided burdens and similar in both
cases. As mentioned above, the main reason for these results is the rel-
atively low yield per hectare of the sunﬂower oil, which implies more
fertilizers and pesticides per ton of oil produced.
5.3. Inﬂuence of the packaging material
This analysis wasmade based on the assumption that the packaging
contained the same amount of product (0.261 kg of anchovy and
0.131 kg of oil) and that the type of transport of the packaging and dis-
tances to the canning plant were identical in all the cases.
The production of aluminum and glass had the greatest energy de-
mands (5.5 and 5.8 MJ per FU, respectively), while the tinplate showedthe highest consumption of material and water resources (0.65 kg of
material and 95.2 kg of water per FU). However, the avoided burden
of the recycling made up for the consumption of virgin resources.
Fig. 6 shows the normalized values of the NR and EB variables of the
life cycle of canned anchovy using aluminum, tinplate, glass and plastic
as the packaging materials. Moreover, it was assumed that these mate-
rials were recycled after the use phase.
The use of glass as the packaging material had the highest energy
and material consumptions, whereas the tinplate had the greatest
water demand. This was due to the fact that the glass packaging more
material per FU (0.5 kg) than the others materials. Moreover, the
recycling of glass had a low recovery efﬁciency (21%), and only 45% of
the total glass recycled is present in the market. Therefore, the produc-
tion of more virgin glass. The consumption of water resource was simi-
lar in the four cases, however, in the case of tinplate it was slightly
higher. As mentioned above, the production of tinplate demanded
large amounts of water, however, the avoided burdens of the recycling
compensated the consumption of this resource.
Regarding the material resource consumption, glass presented the
highest value due to the consumption of non-renewables resources
such as dolomite, feldspar and limestone.
As in previous analysis, GW displayed the highest air impact in all of
the cases (8.1 ∙10−1–9.8 ∙10−1 kg CO2 eq.) due to the greenhouse gases
emissions (CO2, CO, NOx and CH4) produced by the consumption of en-
ergy in the production of these materials. In the water compartment,
the EU presented the greatest values in all cases due to the emissions
of ammonia, nitrogen, phosphorus, PO43− and COD during the produc-
tion of these packaging materials. After normalization, the POF had the
highest contribution in the air categories, whereas the EU continued
as the highest contributor to water categories for the aluminum and
NMEco for the tinplate, glass and plastic.
Aluminum presented the highest impacts in all of the categories ex-
cept AA and AOD. In these impacts, glass packaging was the main con-
tributor due to the emissions of ammonia, HCl, HF and SO2 during its
production. The normalized impact for aluminum varied from HHE
(6.9 ∙10−8 FU−1) to AqA (1.6 ∙10−8 FU−11). These environmental im-
pacts were caused by the consumption of energy in the aluminum pro-
duction. The production of aluminum is an energy-intensive process:
the production of 1 kg of aluminum consumed 65 MJ with 30% used in
the alumina extraction and 65% used in the electrolysis step.
Plastic as a packagingmaterial seems to improve the environmental
performance of the life cycle of canned anchovy. However, the use of
plastic can generate the non-acceptance of the product because it
could decrease the quality of the canned anchovy. Two years ago, a na-
tional company from the region of Castellón (Spain) introduced a new
Fig. 6. Comparison of normalized a) NR and b) EB variables of canned anchovy using aluminum, tinplate, glass and plastic as packaging materials.
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emerged as a consequence of the increase in the price of steel. The new
packaging, presented in a triple-pack, seemed to conserve the sanitary
conditions, and the reception of the product by the consumers was pos-
itive due to the price reduction. However, performing market research
and a quality study is necessary when products are high-quality and
“gourmet” products.
5.4. Sensitivity analysis: mass and economic allocations
The environmental impact of canned anchovies depends on the
selection of the process variables studied in the previous sections.Fig. 7. Comparison of the environmental burdens using systeHowever, some hypotheses are assumed in the life cycle methodology
that could inﬂuence the results. The choice of the allocation procedure
in the goal and scope deﬁnition is the most signiﬁcant one.
By-products of ﬁsh processing are often used as protein sources in
other production systems and frequently represent a signiﬁcant portion
of the mass ﬂow. As a result, it is generally necessary to allocate the en-
vironmental burdens of ﬁsh processing between the primary product
and one or more by-products (Ayer et al., 2007). The selection of the al-
location procedure is one of the most controversial methodological is-
sues in LCA. In this sense, Pelletier and Tyedmers (2011) proposed
that LCAmodels should excludemarket informationwhenever possible
and rely instead on best-ﬁt biophysical parameters. In particular, inm expansion, mass allocation and economic allocation.
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system expansion to handle the co-product allocation in the LCA of
Danish ﬁsh products. Other authors, such as Ziegler et al. (2003), used
economic allocation because the by-products represented over 50% of
the mass ﬂow, and they reasoned that mass allocation would have
greatly reduced the share of environmental burdens attributed to the
cod ﬁllets. Ziegler et al. (2012) applied mass allocation because they
considered that the price ﬂuctuations avoided the economic allocation.
In the previous sections of this paper, a system expansion was ap-
plied to include the additional functions related to the valorization of
ﬁsh residues. This section conducted a sensitivity analysis to evaluate
the inﬂuences of the mass and economic allocations on the results.
The economic and mass allocations consider the market price and
mass of the primary canned anchovy product – octavillo-and its by-
products, i.e.,ﬁshmeal, ﬁsh oil and anchovy paste. Applyingmass alloca-
tion attributes 73% of the environmental burden to the canned ancho-
vies, while applying economic allocation attributes 56% to the primary
product. Fig. 7 displays the environmental impacts of the system expan-
sion andmass and economic allocations for anchovies from Cantabria in
extra virgin olive oil and aluminum packaging. System expansion pre-
sented the highest EB in all of the impact categories except in AOD,
which had a negative value due to the subtraction of the environmental
burdens of the alternative system from the system under study. On the
other hand, the use of economic allocation presented the lowest envi-
ronmental impacts. System expansion likely gives themost reliable pic-
ture of the current scenario because external changes do not inﬂuence
the results. The mass and economic allocations may change due to the
quality of the ﬁsh and the market value ﬂuctuations, respectively.
6. Conclusions
The use of product diversiﬁcation as a marketing strategy in the an-
chovy canning industry promoted the generation ofmanynewproducts
based on the main variables of the anchovy canning processing: the or-
igin of the anchovy, the type of oil and the packaging. The introduction
of these products in new “green markets” makes deﬁning the PCRs of
the canned anchovy product category and, subsequently, creating the
EPDs of each product necessary. This requires determining the environ-
mental impacts under a life cycle approach of each variable and its inﬂu-
ence on the life cycle of canned anchovies.
The origin of the fresh anchovy, the type of oil and the packaging had
strong inﬂuences on the environmental performance of the product.
The increase in the consumption of out-of-season products caused
high consumption of energy and resources due to its transportation.
Moreover, sometimes these imported products are lower quality and
have higher prices. Themanufacture of Argentine, Chilean and Peruvian
anchovy generated approximately 10% more ﬁsh residues and present-
ed higher GWP than Cantabrian anchovy due to the emission of green-
house gases from the use of fuel.
The use of sunﬂower oil consumed more energy than olive oil and
extra virgin olive oil and presented the highest value in all environmen-
tal categories due to the relatively low yield per hectare and the use of
pesticides and herbicides.
The packaging presented the highest environmental impact in the
life cycle of the canned anchovy, although the recycling of packaging
materials decreases this impact. The use of aluminum presented the
greatest impact in almost all categories. Plastic could improve the envi-
ronmental proﬁle of canned anchovy. In fact, there are companies that
currently market this packaging. However, it could result in the non-ac-
ceptance of the product by consumers because they could be considered
lower quality products.
This work shows that there are several differences between the en-
vironmental impacts of the different canned anchovy products. It could
be the ﬁrst step to deﬁne the PCRs of the canned anchovy products. In
further works, the use of the ILCDmethod to perform an environmental
analysis of European anchovies will be considered.Acknowledgements
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